Abstract. The rapid growth within the field of digital communication during the recent years expanded the need for high-speed data transmission to support a wide range of services such as: video, data and voice in wireless communication systems, etc. Orthogonal frequency division multiplexing (OFDM) and a multicarrier modulation scheme are employed to achieve the high data rates. Since OFDM is very much sensitive to carrier frequency offsets, which cause the Inter-carrier Interference (ICI) leads to mitigation of this ICI is necessary. The objectives of this paper are to, proposed an efficient ICI self-cancellation scheme to mitigate the effect of ICI on OFDM systems. For this purpose, a redundant data is transmitted onto adjacent sub-carriers such that the ICI between adjacent sub-carriers cancels out at the receiver side. One data symbol is modulated into a group of adjacent sub carriers with a group of weighting coefficients. At the receiver side, the received signals are linearly combined on these sub carriers with proposed coefficients. The residual ICI contained in the received signals can then be further reduced. This study provides significant carrier-to-interference power ratio (CIR) improvement, which has been studied theoretically and supported by simulations. Since no channel equalization is required to reduce ICI, so the proposed scheme doesn't increase the system complexity.
Introduction
Orthogonal frequency division multiplexing (OFDM) is a promising for broadband transmission for wireless applications [1 to 3] . In an OFDM system, a large number of orthogonal, overlapping, narrow band sub-carriers are transmitted in parallel. These carriers divide the available transmission bandwidth. The separation of the subcarriers is such that there is a very compact spectral utilization. With OFDM, it is possible to have been overlapping sub channels in the frequency domain, thus increasing the transmission rate. After more than forty years of research and development carried out in different places, OFDM is now being widely implemented in high-speed digital communications. OFDM has been accepted as standard in several wire line and wireless applications. Due to the recent advancements in digital signal processing (DSP) and very large-scale integrated circuits (VLSI) technologies, the initial obstacles of OFDM implementations do not exist anymore.
In a basic communication system, the data are modulated onto a single carrier frequency. The available bandwidth is then totally occupied by each symbol. This kind of system can lead to inter-symbol-interference (ISI) in case of frequency selective channel. The basic idea of OFDM is to divide the available spectrum into several orthogonal sub channels so that each narrow band sub channels experiences almost flat fading. The attraction of OFDM is mainly because of its way of handling the multipath interference at the receiver. Multipath phenomenon generates two effects such as: (i) Frequency selective fading [2] and (ii) Inter symbol interference (ISI) [4] .
The major advantages of OFDM are its ability to convert a frequency selective fading channel into several nearly flat fading channels and high spectral efficiency. However, one of the main disadvantages of OFDM is its sensitivity against carrier frequency offset, which causes attenuation and rotation of sub carriers, and intercarrier interference (ICI) [5, 7, 8] . The undesired ICI degrades the performance of the system.
Orthogonal Frequency Division Multiplexing (OFDM) has become the most popular communications systems in high speed communications. OFDM technology is the future of wireless communications. Researchers have proposed various methods to combat the ICI in OFDM systems. The existing approaches that have been developed to reduce the ICI can be categorized as frequency-domain equalization [7] , time domain windowing [8] and ICI self-cancellation [9] .
Due of the orthogonality of the sub-carriers, authors are able to extract the symbols at the receiver as they do not interfere with each other. Orthogonality is preserved as long as sub carriers are harmonics to each other. But at the receiver end, if there is a change of frequency of the sub-carriers due to any reason then the orthogonality among them is lost and ICI occurs. As a result ICI occur, bit error rate (BER) increases, which degrades the performance of OFDM system, so in this paper main objectives are focused on BER for different values of signal to noise ratio (SNR) to compare the performance of OFDM system with ICI self cancellation and without ICI self cancellation using different quadrature amplitude modulation (QAM) techniques.
In what follow, the discussion of this study after the introduction is brief description of ICI cancellations and then the simulation results have been explained. Lastly, the conclusion and future work are discussed.
ICI Cancellation
It is seen that the difference between the ICI co-efficient of two consecutive sub-carriers are very small. This makes the basis of ICI self-cancellation. Here one data symbol is not modulated into one sub-carrier, rather at least in to two consecutive sub-carriers. If the data symbol "a" is modulated into the 1st sub-carrier, then "-a" is modulated into the 2nd sub-carrier. Hence the ICI generated between the two sub-carriers almost mutually cancels each other. This method is suitable for multipath fading channels as here no channel estimation is required. Due to multipath environment channel changes randomly in result affects the channel-estimation.
ICI Cancellation Modulation. In an OFDM communication system, assuming the channel frequency offset normalized by the sub-carrier separation and then the received signal on sub-carrier k are given in Eq. 1.
Where N is the total number of the subcarriers, X(k) denotes the transmitted symbol for the k th subcarrier and n k is an additive noise sample. The second term is the ICI components. The sequence S(l-k) is defined as the ICI coefficient between 1 st and K th subcarriers, which can be expressed in the Eq. 2.
It is indicated that the difference of ICI coefficient between two consecutive sub-carriers S(l-k) and S(l+1-k) is very small. Therefore, if a complex data pair (a,-a) is modulated into two adjacent sub-carriers (l, l+1), then the ICI signals generated by the sub-carrier l will be canceled out significantly by the ICI generated by sub-carrier l+1. Assuming the transmitted symbols such as: X(1) = -X(0), X(3) = -X(2),…X(N-1) = -X(N-2), then the received signal on sub-carrier k are shown in Eq. 3. 
Similarly the received signal on subcarrier k+1 are given in Eq. 4.
In such a case, the ICI coefficient is denoted in Eq. 5.
'( ) ( ) ( 1 ) S l k S l k S l k − = − − + − (5) It is found that S'(l + k) << S(l − k) and shown in figure 1. ICI Cancellation Demodulation. For further reduction of the ICI, ICI cancelling demodulation has been done. The demodulation is suggested to work in such a way that each signal at the (k + 1) th sub-carrier (where, k denotes the even number) is multiplied by "-1" and then added with the one at the k th subcarrier. Then the resultant data sequence is used for making symbol decision. It can be represented in Eq. 6 as follow;
Then the corresponding ICI coefficients are indicted in Eq. 7.
From figure 1, it can be seen that the amplitude comparison of S(l-k), S'(l-k) and S''(l-k) for IFFT size (N) =64 and frequency offset (s) =0.3 for the majority of (l-k) values and S''(l-k) is even smaller than S'(l-k). Thus, the ICI signals become smaller when applying ICI cancellation modulation. On the other hand, the ICI cancellation demodulation can further reduce the residual ICI in the received signals. The combined ICI cancelling modulation and demodulation method is called the ICI self-cancellation scheme.
Discussion of Simulation Results
For simulation of OFDM, the authors of this study utilized the MATLAB tool with different modulation techniques using self-cancellation technique and without self-cancellation to see the ICI effect in OFDM system. The digital modulation schemes such as binary phase shift keying (BPSK) and quadrature phase shift keying (QPSK) were selected to assess the performance of the designed OFDM system by finding their bit error rate (BER) for different values of signal to noise ratio (SNR). In this paper, I have focused on the problem of ICI reduction using self-cancellation scheme and compared with standard OFDM system using QAM technique. Different modulation techniques are considered for ICI reduction and compared with each other to see performances. 
Conclusions
In this paper, we have analyzed OFDM system in presence of different frequency offsets between the transmitter and the receiver. Performance of the system in terms of Carrier-to-Interference ratio (CIR) and the bit error rate (BER) have been obtained at the different values of SNR. Inter-carrier interference (ICI) which occurs because of frequency offsets degrades the performance of the OFDM system. Different methods have been explored for improving performance of OFDM system but in this paper ICI self-cancellation (SC) algorithm has been proposed as an efficient and optimized technique to cope with ICI.
With ICI cancellation and without ICI cancellation for seeing the performance of OFDM system, the different values of carrier frequency offsets have been taken. The calculated results indicated that by increasing the value of carrier frequency offset (s) will increase the BER rate. Using ICI self cancellation technique as SNR increases BER curve leans downward which indicates that there is much more reduction in bit error rate (BER) as compared to the standard OFDM (without ICI self cancellation).
In this study, the simulations were performed in an (additive white Gaussian noise) AWGN channel. This model can be easily adapted to a flat-fading channel with perfect channel estimation. Further work will be conducted by performing simulations to investigate the performance of these ICI cancellation schemes in multipath fading channels without perfect channel information at the receiver. In such situation, the multipath fading may degrade the performance of these ICI cancellation schemes.
